In this paper, a stability control approach of flexible joint robot (FJR) 
Introduction
The control problem of flexible joint robot is difficult and important, which has become a popular issue in robot field [1] . More and more scholars pay attention to T-S fuzzy model-based control approach [2] [3], because of its efficiency in complicatedly nonlinear and uncertain control systems.
In [4] , the stable control approach via T-S fuzzy model based on Lie algebras is introduced for singlelink flexible joint robot. In [5] , sliding mode control approach is employed for two-degree rigid robot. Stable control method based T-S fuzzy model of the flexible joint robot system including both networkinduced delay and data packet dropout is employed in [6] . Tracking control approach based T-S fuzzy model of the mobile robot with actuator saturation is applied in [7] . In [8] , adaptive fuzzy neural network control via T-S fuzzy model is applied for two-link robot manipulator including actuator dynamics.
Lyapunov function approach is introduced to obtain the stability conditions for closed-loop control system. Non-quadratic stabilizations based on fuzzy Lyapunov function approach [11] is less conservative than Lyapunov function approach. This approach is utilized for flexible joint robot control system to increase the applicability of the approach in this paper.
In this paper, firstly, the Takagi and Sugeno fuzzy model is applied to approximate the flexible joint robot. Secondly, the fuzzy controller is developed based on parallel distributed compensation principle. Non-quadratic stability conditions for the flexible joint robot control system are proposed by fuzzy Lyapunov function to reduce the conservation of stability condition. Finally, the simulation results are given to show the effectiveness of the proposed method.
T-S Fuzzy Model for Flexible Joint Robot
It's given the dynamic model [4] of flexible joint robot as follows:
Where u is the torque input. 1 I is the link inertia. 2 I is the motor inertia. m is the mass. g is the gravity. l is the link length. k is the stiffness. 1  and 2  are angular positions of first and second joints respectively. 
Where,
There are nonlinear parts in the model, and then it is considered to approximate the flexible joint robot with T-S fuzzy model.
Define the fuzzy rule of FJR: IF the angular position of FJR link tip 1 ( )
Where, i F are fuzzy sets, r is the number of IF-THEN rules, ( ) x t is state vector, 1 ( ) x t is the premise variable of fuzzy inference rules. 
Assumption 1 [9] : The parameter uncertainties considered are norm-bounded, in the form:
Where, i D , 1i E and 2i E are the uncertain structure constant matrices, ( ) i F t is the uncertain parameter matrix, and ( ) ( )
Fuzzy Controller Design
According to the PDC principle, the fuzzy controller is given as follow:
The fuzzy rule: IF the angular position of FJR link tip 1 ( )
The overall fuzzy controller law is represented by
By respectively substituting (10) into (9), and for convenience, let 
i x t h A x t B u t f x t h A x t g x t u t h B u t h A x t B u t f x t g x t
Stablility Analysis of Flexible Joint Robot Control System
Theorem: Considered flexible joint robot control system (12) and under assumption, if there exists positive definite matrix 1 2 P ,P , P r  , such that the following matrix inequalities are satisfied:
Proof: The fuzzy Lyapunov function is defined by
Then,
V xt x t hP xt x t hP xt x t h P xt
Which can be rewritten as follows: 
T i x t h h h P G
Where, it's defined ij
, if considered the assumption 2, then
) ( ) 2
If (13) and (14) are negative, then ( ( )) 0
V x t  
, the flexible joint robot control system is stable. We (13) and (14) by l Q and then they can be rewritten as (19) and (20). 
Simulation example
In this section, the parameters of flexible joint robot are 
Where , 
Conclusions
In this paper, T-S fuzzy model based control approach for flexible joint robot was proposed. Nonquadratic stability conditions are obtained according to fuzzy Lyapunov function, which reduce the conservation of stability condition with Lyapunov function. The design procedure of controller would proceed effectively.
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